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SPIN COATING FOR MAXIMUM FILL CHARACTERISTIC YIELDING 
A FLANARIZED THIN FILM SURFACE 

BACKGROUND OF THE INVENTION 
[0001] f^ . .ld nf the Invention : The present invention relates to methods for 
fiUing contbiheffl, trenches, or other recesses of semiconductor device stnictures during 
fabrication thereof. Particularly, the present invdntioh relates to the use 6f spin coating 
techniques to fiU containers, trenches, and other recesses of semiconductor device 
structures. ; As A specific example, the present invention relates to a method for masking 
hemispherical grain (HSG) silicon-lined containers of a stacked capacitor structure to 
feciUtate removal of HSG silicon from the surface of a semiconductor device structure 
including the stacked capacitor structure. 

[00b2] Baekeround of Related Ait : Conventionally, spin-on processes have 
been used to apply substantially planar layers of Material to the surfaces of semiconductor 
device strujctuies being fabricated upon a wafw of semiconductor material (e.g., a silicon, 
gallium arsenide, or indium phosphide wafer) or other semiconductor substrate (e.g., a 
silicon on insul&tor (SOD. silicon on glass (SOQ),sUicon on ceramic (SOC), siUcon on 
sapphire (SOS)j or other similar substrate). Conpequently, while the portions of a spun- 
on layer of| material over substantially horizontal structures may be substantially planar, 
the layer of material may not substantially fill oi- conform to the numerous, minute 
recesses formed in the semiconductor device structure. 

[00jD3J ^or example* when it is desirable to mask a container, trench, or other 
recess of aisemiconductor device structure Mvithout masking the surface of the 
semiconductor device structure to which the container, trench, or other recess opens, a 
mask material is typically applied to the surface of the semiconductor device structure, 
such as by use ofknown spin-on processes. As an example, FIG. 1 illustrates the 
fabrication! of a stacked capacitor structure 10 with conductively doped HSG silicon 16- 
lined containers 14. As it is necessary to remove HSG silicon 1 6 firom a surface 12 of an 
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the stackedxapacitor. These poteirtiaUy damaging contaminants may remain even when a 
chemical removal piocess, such as a wet or dry etch, follows the CMP process. 

[0006] Alternatively, a photoresist may be used as the mask material. Patterning 
of the photbresist requires several steps in which equipment must be precisely aligned 
with features, such as the containers of a stacked capacitor structure, fabricated on the 
semiconductor substrate. Additional handling of the semiconductor device structure is 
also required when a photoresist is used to mask containers, trenches, or other recesses 
formed in a semiconductor device stniCture, which is somewhat undesirable. 

100071 Moreover, when conventional blanket deposition techniques are used to 
fill the recesses of a semiconductor device structure with a material (e.g., to fill the 
trenches of a shallow trench isolation structure with an electrical insulator material and to 
mi dual daniascoie trenches with a conductive material), the material typically forms a 
nonplanar layer over the semiconductor device structure. Such material layers typically 
include valleys located over recesses iii the underlying semiconductor device structure 
and peaks located over other regions of the semiconductor device structure. Chemical- 
mechanical planfflization is an example of a conventional technique for removing such 
materials fiom the surface of a semiconductor device structure while leaving these 
materials Withiii the recesses of the semiconductor device structure. As chemical- 
mechanical platiarization processes typically employ an abrasive pad to mechanically 
planarize structures, however, the peato of the niaterial layer may break off in larger than 
desired pieces and subsequently scratch the surftce of the semiconductor device structure, 

forming defects therein. 

[0(M)8] The art does not teach a semiconductor device structure that includes a 
nonchemical-mechanical planarized material layer that substantially fills a container, 
trench, or Other recess fonned in the semiconduetor device structure and which does not 
substantially cover the remainder of a surface of the semiconductor device structure or 
which incltides ohly a relatively thin layer of material over the remainder of the surfece. 
The art also feild to teach a method for forming a material layer with these features. In 
addition, the art lacks teaching of a method for reducing the likelihood that peaks of a 
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during subsequent phnariz«i«i of the layer of mateml. 

SUMMARY OF THE INVBfflON 
[00091 Tl« present mvention includes senucooducto. device structure 
,,d^lypl»u»surfbc.s.T1»sen,ic6mluctordevices,™«n..dsoi^^ 
,»«ine,s,.rencl,.;.oro.her,e.ess..th««ffll«i«W..™»i.l- ttema.en.l.nay 
..so cover of the semic^tductor: device slxucB«s. If.hem.tend 

covets surfsces of the semiconductor device stn^^s. the thickness of the n«*enel 
covering the su,fi»« is l.» than the depth of.hecon.»ner,.tr«Khe.. or other recesses 

tateresubstenti-lyfiUed^ithtnaterial. P,efen*ly..he*ic»»esse,of™.eri^cove,»g 
the ^fi^es^fthesenuconductor device stntctur^^lessthsnabouthelf .he dep^ 
fl„cont.iners..renches,orotherr.c.s,e.. ■n»s»r6c.s.f*em..eridorn«««i.lsthat 
fiU the recesses «ri th« n»y cover the surf«e. of the senuconductor device *u«ure. 
have no., hiwever. been chemical-mechanical pl.neri«d to achieve Ihe «luced depth of 

material outside of flic recesses. 

(00101 to one embodiment ofthe present invention, Ac semiconducU3r device 

,ttuc««inClud^..«.el»dc.l»cto«i»c<me«4aI.y.rofdectric.llyinsulrtive 

or in^atator layer, and a. least one contact recessed or forttKd in flte insulau^ 
l^er Theinsul^layCrincludeaasubst.ntiallyphauirsu.fece.wUol'U^f^to 
herein a. ate exposed surfeceoffte insulator layer, a layer of eleetricaJly conductive 

m^Brirf covers (he surficc of the insulator layer andlines the « least one container. By 
way of exainple, fteelectricaUy conductive mrterial may be conducBvely doped 

h^Bispheticd gninCHSG) silicon. As flte stacted capacitor structure «o»ldele«nc.lly 
Shot, if the^conduetive materia remained on thesurfice of the inSul^or layer between 
adjacent conttinos, forte sucked cp»:i.or » function properly, fl« conductive 
material mus. be removed ftom te smftce of insulater layer prior to compleUng 
fi*ric«iotiofthe^«aekedc8pacitorbutremain>»ithin4econtainers. H.us,.tos 
embodimdit of the semiconductor device strucUae includes a substantiaUy planar surftce 
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a non^chemical^mechanical planarized quantity of mask material substantially filling 
the at Ieast ;one container. While the mask material may cover regions of the layer of 
conductive material overlying the surface of the insulator layer, it is preferred that these 
regions are substantially uncovered by mask material. If mask material does overlie these 
regions of the layfer of conductive mat^al, the thickness of the mask material overlying 
these regions is less than the depth of the at least one container. Preferably, the thickness 
of the mask material over these regions of the layer of conductive material is less than 
about half the depfh of the at least one container. 

lOMll The mask material may be applied to the semiconductor device structure 
by known processes and is spread across the surface of the stacked capacitor structure so 
as to substantially fill the at least one container while leaving a thinner, or no. material 
layer over Regions of the layer of conductive material that overlie the surface of the 
insulator layer. For example, the mask material may be spread across the surface of the 
stacked capacity structure by use of spin-on techniques, wherein the mask material is 
applied at a fnSt speed, the rate of spinning is decreased to a second speed at which Ae 
mask mateiri^ is permitted to at least partially set up. then the rate of spinning is gradually 
increased, pr ramped up, to a third speed at which a desired, reduced thickness of mask 
material covering the surface may be obtained. The rate at which the stacked capacitor 
structure i^ spun may again be decreased to pemit the mask material to further set. An 
edge bead pf mask material may then be removed from the stacked capacitor structure 
and the stacked capacitor structure spun once again to remove solvents fiom the mask 
material. 

[0ai21 in another embodiment of the sfcmiconductor device structure, a mask is 
disposed over a shallow trench isolation (STl) stmcture that includes a semiconductor 
substrate With a substantially planar surface and: shallow trenches recessed, or fonned, in 
the semiconductor substrate. The semiconductor device structure has a substantially 
planar surface, without requiring chemical-mechanical planarization of the surface of the 
mask. If inaierial of the mask covers the surface of the semiconductor substrate, the 
thickness of mask material thereover is significantly less than the depths of the shallow 
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trenches. pUferably. the Sickness of mask n.^ 

sermconductorsubstratei.lessthanabouthalfthedepthsofthetrenche. Uor. 

preferably , the su^ce of the semiconductor suhstra. rem^ 

themaskm.teri.1: The present embodin^ent of the semiconductor substrate r^^^ 

include coriductiv^ly doped regions continuous With the surf^ 

trenches fohned in the semiconductor substrate. ; 

(00131 The shallow trench isolation stnicture may be formed by known 
processes/iThemaskmay be formed by applyingaquantity of mask material to the 

shallow trerich isolation structure and spreading the mask material over the 
to substantially fill each trench thereof. As an example of the manner in which mask 
material may be ^read across the shallow trench isolation structure, the mask matenal 
may be spun across the semiconductor substrate at a first speed, the rate of spmmng 
decreased to a second 5^eed to permit the mask material to at least partially set up while 
remaining in the trenches, then the rate of spinning gradually increased, or ramped up. to 
a third speed at which a desired, reduced thickn«S of mask material covering the surface 
may be obtained, m rate at which the shallow trench isolation structure is spun may 
again be decreased to permit the mask material to fttfthet set. An edge bead of mask 
material may then be removed ftom the shallow trench isolation stmcture and the shallow 
trench isolation stnicture spun once again to remove solvents fiom the mask material. 
Conductivfcly doped regions of the semiconductw substrate may be formed by exposing 
the substrate and mask material to a conductiviiy dopant The regions of the 
semicondii:tor substrate that remain uncovered 6v that are covered with thinner layers of 
the mask liaterial (e.g., the surface of the semiconductor substrate) are implanted with the 
conductiviiy dopant while regions of the semiconductor substrate that are covered with 
thicker laybr. of the mask material (e.g.. regions of the semiconductor substtai« beneath 
the trench^) remiain substantially undoped. 

(0dl4J ■ Another emboduhent of a semiconductor device structure according to 
the present invention includes a surface with one or more recesses formed therein and a 
layer of a first material substantially fiUing each recess and at least partially covering the 
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surface. The layer of first material has a nonplanar surface and may include a valley 
located substantially over each recess in the semiconductor device structure and one or 
more peaks located substantially over the surface of the semiconductor device structure. 
A second rMterial disposed over the layer of first material at least partially fills each of 
the valleys fonhed in the layer of first material. The second material has a substantially 
planar surface that is not fimher planarized following formation theteof. 

[00151 By way of example, the semicohductor device structure may be a 
shallow trench isblation structure including a seriiiconductor substrate with a substantially 
planar surface and trenches recessed, ot formed, iin the semiconductor substrate. The 
trenches are filled With a first, electrically insulative material, which is preferably a low 
dielectric constant, or "low-k". material, such asia high density plasma (HDP) siUcon 
oxide, or HDP oxide. HDP oxide or another insUlative material may be disposed into the 
trenches by way of known processes, siich as chemical vapor deposition 
(CVD) prdcessfcS'. As the processes that are used to fill the shallow trenches with the first, 
ihsulative material are typically blankrt deposition processes, the insulative material may 
also cover the surface of the semiconductor substrate. The surface of a layer of the first, 
insulative material blanket deposited over a semiconductor substrate with trenches 
fDrmed therein is nonplanar. 

[00161 As another example of the deposition of a first material over a 
semiconductor device structure, each recess of the semiconductor device structure may be 
a dual damascene type trench substantially fiUed with a first, conductive material. The 
first, conductive material may be disposed into each dual damascene trench of the 
semiconductor device structure by known processes, such as physical v4por deposition 
(PVD) (e.i, sputtering) or chemical vapor deposition techniques. Since these processes 
typically form a layer of material that blankets substantially the entire semiconductor 
device structure, the fust, conductive materi al may also cover the surface of the 
semiconductor device structure. When blanket deposited over a semiconductor device 
structure with tretoches formed therein, such layers typically have nonplanar surfeces. 
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[00171 The second material is preferably a stress buffer material that facilitates 
planarization of the layer of insulative material without causing substantial defects in 
either the ihsulative material or in the surface of the underlying semiconductor substrate. 
Exemplary- materials that are useful as the stress buffer include resins and polymers that 
may be applied by way of spin-on techniques, the stress buffer has a substantially planar 
surface and preferably fills the valleys in the layer of insulative material without 
substantially covering the peaks thereof. 

[0018] After the stress buffer material is applied to the semiconductor device 
structure, it may be spread across the surface of Ave semiconductor device structure by a 
spin-on technique that includes spinning the semiconductor device stnictuits at a first 
speed, decreasing the rate of spiraiing to a second speed at which the material of the stress 
buffer within the valleys is pennitted to at least partially set. then gradually increasing, or 
ramping up, the rate of spimiing to a third speed at which a desired thickness of stress 
buffer material covering the surface may be obtained. The rate at which the 
semiconductor device structure is spun may again be decreased to permit the stress buffer 
material to furth« set. An edge bead of stress buffer material may then be removed from 
the semiconductor device structure and the semiconductor device structure spun once 
again to remove Solvents from the stress buffer material. 

100191 If portions of the first material layer protrude through the second 
material, all or part of the first material layer may be removed with selectivity over the 
second material by known processes, such as by use of wet or dry etchants. The 
protruding portions of the first material layer may be partially removed until a surfece of 
the first materid is in substantially the same plane as a surface of the second material. 
Hie first and second materials may then be substantiaUy concurrently removed from over 
the surface of the semiconductor device structure by known chemical-mechanical 
planarization or etching processes. Follovwng the removal of the first and second 
materials, the sutfece of the first material remaining in each recess is prefierably 
substantially flush with the surface of the semicbnductor device structure. Alternatively, 
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the first material can be selectively removed to expose the surface of the semiconductor 
device slructure, then the second material removed therefrom. 

[0020] If the semiconductor device structure has a substantially planar surface 
after the second material is disposed thereon, the first and second materials may be 
substantiaUy conciatenUy removed by known chemical-mechanical planarization or 
etching processes to provide a semiconductor device structure with the first material 
substantially filling the recesses thereof and having a substantially planar surfece. 

[00211 Other features and advantages 6f the present invention will become 
apparent to those of skiU in the art through consideration of the ensuing description, the 
accompanying dtawings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] FIG. 1 (Prior Ait) is a cross-sectional representation of a stacked 
capacitor structure with a surface and containers; lined with conductively doped 
hemispherical gtiin polysilicon and including a conventionally spun-on layer of mask 
material thteeover; 

100231 FIG. 2 is a cross-sectional repr^entation of a stacked capacitor structure 
including i layer of mask material substantiaUy filling the containers thereof and having a 
substantially planar surface; 

100241 FIG. 3 is a cross-sectional representation of the stacked capacitor 
structure of HG. 2, depicting the mask material and conductively doped hemisphaical 
grain polysilicon removed from over the surface, the containers remaining substantially 
filled with mask material; 

[00251 FIG. 4 is a cross-sectional lepi^sentation of the stacked capacitor 
structure of FIG. 3 with the mask material removed from the containers; 

[00261 FIG. 5 is a cross-sectional representation of a shallow trench isolation 
structure including a semiconductor substrate with a surface and trenches formed in the 
surface and a layer of mask material that substantially fills the trenches and has a 
substantially planar sur&ce; 
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nonconductive ftiaterial; 

100291 FIG. 8 is a cross-sectional representation of a variation of the shallow 
trench isolation structure of FIG. 7. which includes stress buffer material with a 
substantially planar surfece partially filling recesses in the layer of electrically 
nonconductive material; 

[00301 : FIG. 9 is a cxoss-sectional representation of the shallow trench isolation 
structure of FIG. 8, depicting the layer of electrically nonconductive material partially 
removed to form ^ substantially planar surface flush with the surfaces of the stress buffer 

material in; the recesses of the layer; 

100311 ^IG. 10 is a cross-sectional representation of the shallow trench isolation 
structure of FIG. 9. illustrating stress btxfFer material disposed at least partially over the 
electrically nonconductive material remaining in the trenches; 

(00321 FIG. 11 is a cros^sectional representation of the shallow trench isolation 
structures bf FlOs. 7 and 10. depicting the electrically nonconductive material within the 
trenches aS having a substantially planar surface that is substantially flush with the 
surfaces of the semiconductor substratas of the shallow trench isolation structures; 

[Om] FIO 12 is across-sectional representation of a semiconductor device 

structure including dual damascene trenches recessed in a surface thereof, a nonplanar 
layer of conductive material substantially fiUingthe trenches and covering the surface of 
the semiconductor device strucmre, and a layer of stress buffer material with a 
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substantially planar surfece disposed over and filling recesses in the layer of conductive 
material; 

(00341: HG. 13 is a cross-sectional representation of a variation of the 
semicondiictor device Structure of FIG. 12, which includes stress buffer material with a 
substantially plaiiar surfiace only partially filling' recesses formed in the layer of 
conductive material; 

[0035] FIG. 14 is a cross-sectional representation of tiie semiconductor device 
structure o|f FIG. 1 3, depicting the layer of conductive material partially removed to form 
a substantiWly planar surface flush with the surfaces of the stress buffer material in the 
recesses of the layer: 

[0036] ' PIG. 15 is a cross-sectional representation of the semiconductor device 
Structure of FIG. 14, illustrating stress buffer material partially disposed at least partially 
over the conductive material remaining in the tranches; and 

(00'37) FIG. 16 is a cross-seCtional representation of the semiconductor 
structiires of FIGs. 12 and 15, depicting the conductive material within the trenches as 
having a substantially planar surface that is substantially flush with the surfaces of the 
semiconductor device stmetures. 

DETAILED DESCWPTION OF THE INVENTION 
[00^8] With reference to FIG. 2. a semiconductor device structure, in this case a 
stacked cajiacitoriStructure 10, incorporating teachings of the present invention is 
illustrated, i Stacked capacitor structure 10 includes a surface 12 with containers 14 
recessed, o^ fomied, in surface 12. As illustrated, surface 12 and containers 14 are lined 
vtfith a layet 16 of conductively doped hemispherical grain silicon. Stacked capacitor 
structure 1 0 also includes a mask layer 1 8 of a polymer material (e.g. ^ polyimide or 
photoresist) disposed over layer 16. Mask layer 18 substantially fills containers 14 and 
has a substantially plisnar exposied surface 19. The tiiickness T of portions of mask layer 
18 overlying surfece 12 is less than the depth D of containers 14 and, preferably, is less 
than about half of depth D. 
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100391 Stocked capacitor Structure 10, btcluding the conduclively doped 
hennspheridal grain Silicon layerlSlbeteof, may be fabri^^ 
as those displosed in U.S. Plitent S.663,090. issued to Dennison et al. on September 2, 
1997 the disclosure of which is hereby incorporated in its entirety by this reference. 
Mask layer 18 is formed on stacked capacitor slxucture 10 by dispensing a mask material 
onto stacked oapatitor structure 10 while spinning the substrate bearing stacked capacitor 
structure 10 relative to an axis perpendicular to a plane of the substrate bearing stacked 
capacitor structure 10 at a first sp^d. Which is preferably an optimum speed for formmg a 
substantially homogeneous film fiom the mask niaterial. When a substantially 
homogeneous fihn of mask material has been formed on stacked capacitor structu,* 10, 
the rate at Which Stacked capacitor structure 10 is spun is decreased to a second speed, 
the second speed and the duration at which stacked capacitor structure 1 0 is spun at the 
second speed pemiits the mask material to flow into and to begin to set within 
containers 14 of stacked capacitor structure 10. The rate of spimiing stacked capacitor 
structure 10 is th^ gradually increased, or ramped up. to a third speed, which is 
maintained until a film of mask material covering surface 12 reaches a desired, reduced 
thickness. The rate at which stacked capacitor structure 10 is spun may again be reduced 
to fiirther permit the mask material to set. A bead of the mask material formed around the 
periphery 6f a substrate (e.g.. a wafer) including stacked capacitor structure 10 may be 
itmoved by known pmcesses to provide a substantially planar surface over stacked 
capacitor structure 10. The substrate including Stacked capacitor structure 10 may also be 
spun agairi to begin removing solvents fiom the mask material. Mask layer 1 8 is then 
subjected to a soft bake, as known in the ait, to substantially remove solvents from the 
mask material. 

[0040] fty way of example, when ARCH 895 photoresist is used as the mask 
material, the substrate bearing stacked capacitor: structure 10 is spun at a first speed of 
about 1,000 ipm until a substantially homogeneous layer is formed (e.g.. about one 
second to about five seconds). The spinning rale is then decreased to about 100 rpm for a 
period of aboutTive seconds to about ten seconds to allow the photoresist within 
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containers 14 to begin setting. The rate at which stacked capacitor structure 1 0 is spun is 
then giaduaily increased to a ihird speed of at lea^ about 1 ,500 ipm until the photoresist 
covering sukace 12 reaches a desiied, reduced thickness or until the photoresist is 
substantially removed from surface 12. The spin rate is then decreased again, this time to 
about 50 ipm. fot a duration of about 19 to about 50 seconds to permit additional setting, 
or casting, of the photoresist. Such additional spinning creates a bead of photoresist near 
an edge of d substrate of which stacked capacitor structure 10 is a part. Known edge bead 
removal techniques sre employed to mnove this bead from the edge of the subslrate and 
to provide & substantially planar surfece. Any solvent remaining in the photoresist is then 
substantiallir removed therefrom by gradually increasing the rate at which stacked 
capacitor structure 10 is spun to about 5^000 ipm.; Mask layer 1 8 is then subjected to a 
known soft bake process, preferably at a temperature of about 100" C. to about 150" C. to 
substantially remove solvents from the photoresist. 

[004l] Referring now to FIG. 3, once a mask layer 1 8 witii a substantially planar 
surface 19 is formed, the portions of mads layer 18 and of hemispherical grain siUcon 
layer 1 6 that are located above a plane of surface 12 are removed from stacked capacitor 
structure 10. In order to reduce or eliminate tiie dreation of potentially contaminating 
debris and of surface defects that may be caused by mechanical planarization processes, 
layers 18 arid 16 are removed by known chemical processes, such as dry etch processes or 
wet etch, or wet dip. processes. For example, ma* layer 1 8 may be selectively removed 
by use of a known resist strip, tiien layer 16 removed from surface 12 with a wet etchant 
that lemoves silicon with selectivity over tiie portions of mask layer 18 remaining in 
containers 14 and over an underlying dielectric layer 15. As another example, layers 18 
and 16 may; be substantially concutrentiy removed with an etchant or combination of 
etchants tiiat will remove mask layer 18 and hemispherical grain silicon layer 16 at 
substantiaUy the same rates. Mask material remaining in containers 14 may then be 
removed by known processes, such as tiie use of known wet or dry strip materials (e.g.. an 
ammonium'hydroxide (NH^OH) dry strip known in tiie art as a "piranha" strip when flie 
mask material is ARCH 895 or a similar photoresist). This prccess provides a stacked 
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capacitor structure 10 with conductively doped hemispherical grain silicon 16-lined 
containers^ 14 iwsessed in a substantially defect-and contaminant-free surface 12 of 
structure 10 and dielectric layer 15, as shown in FIG. 4. Stacked capacitor structure 10 
shown in FIG. 4 may thai be processed as known in the art to fabricate a finished stacked 
capacitor.: 

[0042] Turning now to FIGs. 5 and 6, toother embodiment of a semiconductor 
device structure, in this instance a shallow trench isolation structure 20, incorporating 
teachings of the present invention is illustrated. FIG. 5 depicts a shallow trench isolation 
structure 20 that includes a semiconductor substrate 21 formed from silicon, gallium 
arsenide, ihdium phosphide, or another suitable semiconductor material, and ^ch may 
be in the form of a wafer or another substrate, stich as a silicon-oii-glass, silicon-on- 
sapphire, silicon-on-ceramic, or other silicon-on^insulator type substrate. Semiconductor 
substrate 21 includes a surface 22 with one or more trenches 24 recessed, or formed, 
dierein. Tenches 24 may be formed in semiconductor substrate 21 by known techniques, 
such as misk and etch processes. Shallow trench isolation structure 20 also includes a 
mask layer 28 with a substantially planar surface 29. Mask layer 28 substantially fills 
trenches 24 and may also cover surface 22 of semiconductor substrate 21. As shown in 
FIG. 5, the thickness T' of portions of mask hiyer 28 overlying surface 22 is less iban the 
depth D' of trenches 24. Preferably, thickness T' is less than about half of depth D'. 
Altemativdy, surface 22 may reimain sijbstantislly uncovered by mask layer 28. Mask 
layer 28 may be formed from a photoresist or other polymer by processes the same as or 
sunilar to those described previously herein with reference to the fabrication of mask 
layer 1 8 illustrated in FIG. 2. 

[0043] FIG. 6 illustrates the implantation of a conductivity dopant C. such as a 
known p-type or n-type conductivity dopant (e.g., phosphorus (P), boron (B), arsenic 
(As), or antimony (Sb)), into shallow trench isolation structure 20 through mask layer 28. 
Conductivity dopant C is prevented ftota passing through the thicker regions of mask 
layer 28 into regions 25 of semiconductor substrate 21 located at the bottoms of 
trenches 24. Conductivity dopant C does, however, pass through thinner areas of mask 
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ftcffi«e completion of shallow S«.ch «ol.ao. sm.c«» 20. as «dl as fl« febri^tion of 

semiconductor devices thereon. 

100441 Rrferring now to FIGs. 7-1 1 , a second shallow trench isolation structure 
30 embodiment of a semiconductor device structure according to the present irn^ention is 
iUustmted. With reference to FIGs, 7 and 8. shallow trench isolation structure 30 
includes a semiconductor substrate 21 with a surface 22 and trenches 24 recessed, or 
formed in, m«fece 22. A layer of electrically nonconductive material, or insulator layer 
36 substantially fills trenches 24 and c«vers surface 22. Insulator layer 36 has a 
noLplanar Upper surface 37 and includes valleys 34 located substantially above trenches 
24 and peaks 32 located substantially above surface 22- 

[004S] Shallowtrench isolation stmcture 30 may also have a layer 38, 38' of 
stress buffer material, which is also referred to hbrein as a stress buifer layer, having a 
substantially planar surface 39, 39' disposed at least partially over insulator layer 36. 
FIG. 7 illustrates stress buffer lay6r 38. which substantially fills valleys 34 recessed m 
ix^sulator layer 36 and substantially completely (iovers peaks 32. The thickness T" of 
regions of Stress buffer Uyer 38 located above pbaks 32 is less than the depths D" of 
yalleys34i TTiicknessT'' is preferably less than about half of depth D". nO.Sdepicts 
sti^ss buffer layer 38', which does not^extend over peaks 32 and which may only partiaUy 
fill valleys 34. Stress buffer layers 38, 38' are preferably formed from a photoresist or 
other polyker by processes the same as or similar to those disclosed previously herein 
with reference to! the fabrication of mask layer 18 Ulustrated in FIG. 2. 

10646] Once asubstantiaUy planar surface is formed over shallow trench 
isolation ^nictire 30, such as that formed at least partially by surface 39 of Stress buffer 
layer 38 aftd as' iUustiated in FIG. 7. stress buffer layer 38 and portions of insulator layer 
36 located above th6 plane of surface 22 may be substantially concurrently removed. For 
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example, iay^ 38 a.d 36 may be substantially itmoved by exposure to the same etchant 
Of combination of etchants that wUl remove stress bulfer layer 38 and insulator layer 36 at 
substantially the same rates to provide the finished shallow trench isolation strucnare 30 
illustrated in FIG.i 11. Either wet etchants or dry etchants may be used Preferably, the 
use of etchants eliminates the formatiori of imperfections or defects in surface 22 of 
semiconductor substrate 21. as well as tiie possible introduction of contaminants or other 
debris thereon. Alternatively, known chemical-riiechanical planaiization processes may 
be used to substantially concurrently remove stress buffer layer 38 and portions of 
insulator lawyer 36 above surface 22, also providhig a finished shallow trench isolation 
stmctur* 30 such as that illustrated in FIG. 1 1 . As stress buffer layer 38 provides a 
substantialiy planar surface over shallow trench isolation structure 30. the likelihood that 
material of insulator layer 36 will be broken off during the chemical-mechanical 
planarizatidn proMSs is reduced, thereby reducing the formation of imperfections or 
defects in surface 22, as well as the creation of contaminants or other debris, which may 
occur during chemical-mechanical plariarization of a nonplanar surface. 

10047] As shown iii FIG, 8. stress buffer layer 38' may not provide shallow 
trench isolation structure 30 with a substantially planar surface. Rather, peaks 32 of 
insulator liyer 36 protrude above surface 39' of stress buffer layer 38'. In older to 
provide a ^bstantially planar surfece over shallow trench isolation structure 30, the 
portions o£peaks:32 that protrude above the plane of surface 39' may be selectively 
removed, ^ch as by use of selective wet or dry etch^irocesses. The material of peaks 32 
that protrudes above the plane of surfeise 39' is removed at least untU a substantially 
planar surface 31 is formed over shalloW trench isolation structure 30, as depicted in 
no. 9. ; 

[0048] As illustrated in FIG. 10, the selective removal of material forming 
insulator layer 36 may continue until portions of insulator layer 36 located above the 
plane of surface 22 aie substantially removed. As a result, discontinuous quantities of 
stress buffer layer 38' remain above trenches 24;and the portions of insulator layer 36 
remaining therein. Stress buffer layer 38' may be removed mechanically or by use of a 
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wet or diy etchant that will not substantially remove or react with the materials of 
semiconductor substrate 21 or of the portions of insulator layer 36 remaining within 
trenches 24. For example, if a photoresist is used to form stress buffer layer 38 known 
resist strippers naay be used to remove stress buffer layer 38' to form a finished shallow 
trench isolation structure 30, such as that illustrated in PIO. 1 1 . 

[0049] Alternatively, once a substantially planar surface 3 1 has been formed 
over shallbw trench isolation structure 3d. as shpwn in FIG. 9, stress buffer layer 38' and 
the portions of insulator layer 36 located above the plane of surface 22 may be 
substantially concurrently removed ftom above shallow trench isolation structure 30 by 
use of one or more dry or wet etchants that remove the materials of layers 38 and 36 at 
substantially the same rates, as known in the art, or by known chemical^mechanical 
planarization processes to provide the finished shallow trench isolation stnirture 30 

illustratedinFIG.il. 

[0050] Once a finished shallow trench isolation structure 30, such as that 
depicted in FiG. 11, has been fabricated, one or more semiconductor devices may then be 
fabricatedlon shallow trench isolation structure 30, as known in the art. 

[0051] FIGs. 12-16 illustrate yet another embodiment of a semiconductor device 
structuie 40 that incorporates teachings of the present invaition. With reference to 
FIGs. 12 and 13, saniconductor device structure 40 includes dual damascene trenches 44 
formed in ^a surface 42 of an insulator layer 41 thereof. A conductive layer 46 overlies 
surface 42 and substantially fills ttenches 44. Conductive layer 46 has a nonplanar upper 
surface 47 that includes valleys 54 located substantially over trenches 44 and peaks 52 
located substantially over surface 42. Insulator layer 41 , trenches 44, and conductive 
layer 46, as well as other structures of semiconductor device structure 40 underlying 
insulator layer 41 and trendies 44 are each fabricated by known processes, such as those 
disclosed in U.S. Patent 5,980,657 to Farrar et ai. on November 9, 1999, the disclosure of 
which is hereby incorporated in its entirety by this reference. 

[OdSlJ Semiconductor device structure 40 also includes a layer of stress buffer 
material, which is also referred to herein as a stress buffer layer 48, 48', at least partially 
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covering conductive layer 46 and having a substantially planar surface 49, 49'. FIG. 12 
illustrates stress buffer layer 48, which substantially fills vaUeys 54 recessed in 
conductive layer 46 and substantiaUy completely covers peaks 52. The thickness T"' of 
regions of stress buffer layer 48 located above peaks 52 is less tiian tiie depths D'" of 
valleys 54. Thickness T'" is preferably less than about half of depth D'". FIG. 13 depicts 
stress buffer layer 48', which does not extend over peaks 52 and which may only partiaUy 
fill valleys 54. Stress buffer layers 48. 48' are preferably formed from a photoresist or 
other polymer by processes the same as or similar to tiiose disclosed previously herein 
with reference to the fabrication of mask layer 18 illustrated in FIG. 2. 

[0053] Once a substantially planar surface is foraied over semiconductor device 
structure 40, such as that formed at least partially by surface 49 of stress buffer layer 48 
and as illustrated in FIG. 12. stress buffer layer 48 and portions of conductive layer 46 
located above the plane of surface 42 may be substantially concurrently removed. For 
example, layers 48 and 46 may be substantially concuirentiy removed with an etchant or 
combination of etchants that will remove stress buffer layer 48 and insulator layer 46 at 
substantiaily the same rates to provide the finished semiconductor device structure 40 
illustrated in FiG. 16. Either wet etchants or dry etchants may be used. Preferably, the 
use of etchants eliminates Uie formation of imperfections or defects in surface 42 of 
insulator layer 41, as weU as the possible introduction of contaminants or other debris 
thereon. Alternatively, known chemical-mechanical planarization processes may be used 
to substantially concurrently remove stress buffer layer 48 and portions of conductive 
layer 46 above surface 42, also providing a finished semiconductor device structiire 40 
such as that Ulustrated in HG. 16. As stress buffer layer 48 provides a substantially 
planar surface over shallow bench isolation structure 40, tiie likelihood that material of 
conductive layer 46 will be broken off during tiie chemical-mechanical planarization 
process is reduced, ttjereby reducing tiie fonnation of imperfections or defects in surface 
42. as well as die. creation of contaminants or otiier debris, which may occur during 
chemical-mechanical planarization of a nonplanar surface. 
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[0d54l As illustrated in FIG. 13, stress buffer layer 48' may not provide 
semiconductor device stnictute 40 with a substantiaUy planar surface. Rather, peaks 52 
of conductive layer 46 protrude above surface 49' of stjess buffer layer 48'. In order to 
provide a substiihtially planar surface over semitonductor device structure 40, the 
portions of peaks 52 that protrude above the plane of surface 49' may be selectively 
removed, such as by use of selective wet or dry etch processes. The material of peaks 52 
that protrudes above the plane of surface 49' is removed at least until a substantially 
planar surface 51 is formed over semiconductor device structure 40, as depicted in 
nG.14. 

[0055] Flo. 15 illustrates that the selecitive removal of material forming 
conductive layer 46 may continue until portions of conductive layer 46 located above the 
plane of surface 42 are substantially removed therefrom. As a result, discontinuous 
quantities of sttess buffer layer 48' reniain above trenches 44 and the portions of 
conductive layer 46 remaining therein. Stress buffer layer 48' may be removed 
mechanically or by use of a wet or dry etchant that will not substantially remove or react 
with the mWtttialS of insulator layer 41 or of the pOitiofis 6f Conductive layer 46 
remaining within trenches 44. For example, if a photoresist is used to form stress buffer 
layer 48', known resist strippers may be used to remove stress buffer layer 48' to form a 
semiconductor device structure 40 such as that illustrated in FIG. 16. 

[0056] Alternatively, once a substantially planar surface 51 has been formed 
over semiconductor device structure 40, as shown in FIG. 14, stress buffer layer 48' and 
the portions of conductive layer 46 located above the plane of surface 42 may be 
substantially concunently removed from above semiconductor device structure 40 by use 
of one or more wet or dry etchants that remove the materials of layers 48' and 46 at 
substantially the same rates, as known in the art, or by known chemical mechanical 
planarizatibn processes to provide the semiconductor device structure 40 illustrated 

inFIO. 16. ' 

[OOiST] Once a semiconductor device structure 40 such as that depicted in 
FIG. 16 has been fabricated, fiirther known fabrication processes may be performed. 
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[0058] Although the foregoing description contains many specifics, these should 
not be construed as limiting the scope of the present invention, but merely as providing 
illustrations of some of the presently preferred embodiments. Similarly, other 
embodiments of Jhe invention may be devised vsfhioh do not depart from the spirit or 
scope of the present invention. Features from different embodiments may be employed in 
combination. The scope of the invention is, theifefore. indicated and limited only by the 
appended claims and their legal equivalents, rather than by the foregoing description. All 
additions, deletions and modifications to the invention as disclosed herein vwhich fall 
within the meaning and scope of the claims are to be embraced thereby. 
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